Absbnct-We attempt to develop a gauge theory for elastic materials that exhibit the relaxation phenomenon in the sense that the strain induced by applied loads is less than that given by the classical theory. It is accomplished by generalizing the Lagrangian to include linear terms associated with dislocation currents and relaxing the minimal coupling part of the standard Yang-Mills gauge theory.
INTRODUCTION
A Yang-Mills type gauge theory for solids with dislocations and disclinations is already well established [l, 21 . The gauge theory has given useful results in fluid mechanics [3] , damage mechanics [4] , and for microstructural continua with defects [5] . Different phenomenon in solids can be described by considering separately material and spatial gauge theories [6-81. Edelen [9] has recently developed a gauge theory to describe the dissipative process of linear diffusion in a finite rigid body. A general observation is that the phenomenon described by a gauge theory depends strongly upon the starting Lagrangian function and the global material symmetry group Go under which it is assumed to be invariant. However, if the group acts locally, the invariance of the Lagrangian is lost. According to the Yang-Mills gauge theory, the minimal replacement principle restores the invariance, and then the minimal coupling ensures the nontrivial Euler-Lagrange equations for the compensating fields introduced by the minimal replacement principle. It seems that situations in which the minimal coupling principle is not fully honored and additional terms in the Lagrangian are not only quadratic forms in the derivatives of the gauge fields but also contain a linear function of their derivatives have not been investigated. We study such a case here and show that one can so obtain a gauge theory of materials with dislocations that exhibit the relaxation phenomenon stated in the abstract.
A GAUGE THEORY OF RELAXING ELASTIC MATERIALS
In order to motivate an appropriate Lagrangian, we start with the Lagrangian function for an isotropic, homogeneous, and elastic material, viz.
Lo=T-q (1)
where T and 11 are the kinetic and potential energies for the elastic body. We assume that the potential energy of the elastic body is a homogeneous quadratic form in the finite strain tensor. We take the group Go to be the translation group T (3), assume that it acts locally, and in order to restore the invariance of the Lagrangian L, we invoke the minimal replacement principle.
The new Lagrangian L is defined by
Thus the transition from the elasticity theory to the theory of dislocations is accomplished by the application of the minimal replacement operator A which acts as follows. 
where xi = 6:X* + ui,
X* are coordinates with respect to a fixed set of rectangular Cartesian coordinate axes of a material point in the reference configuration, and ui are components of the displacement vector. The minimal replacement (3) introduces the gauge potentials $2 and #: to compensate for the local action of the group T (3). Basically, the deformation gradients a,.,$ are replaced by the distortions BA, and velocity &xx' by the distortional velocity vi. With these substitutions, the Lagrangian function (2) takes the form where pO is the constant mass density in the reference configuration, A and ~1 are Lam6 constants, and EAB are components of the distortional strain tensor defined by EAB = Bi 6,Bg -8AB.
By requiring the fundamental group to act locally, we have introduced dislocations into the material. The dislocations change the Lagrangian because the energy can now be stored in the defect field. The distribution of dislocation densities is described by the gauge torsion and the dislocation currents are where k is a positive constant. Nonhomogeneous boundary conditions can be considered by adding to (11) a null Lagrangian [2] .
We note that the state variables u'(X*, t), 4:(X', t) and &(X", t) of the total Lagrangian occur only in the combinations (7) 
In order to investigate the relaxation of the deformation in the material described by the foregoing equations we first reduce these equations to a quasistatic problem.
(a) Quasistatic processes

EXAMPLES
Since we have not imposed an antiexact gauge condition [2] , equations for a quasistatic process cannot be obtained from the above equations simply by setting inertia terms equal to zero; rather we should set the kinetic energy T equal to 0. Equations (19)- (21) are coupled nonlinear partial differential equations which are difficult to solve. Accordingly, we consider below a quasistatic problem for a linear elastic material.
(b) Onedimensional quasistatic problem for a linear elastic material
We consider a rod of length 2L made of a linear elastic homogeneous and isotropic material, and deformed quasistatically by end loads f(t) at x = f L. The Lagrangian in this case has the form L= -+3xu+~)2++~~)2-k+#@~u+~)+f(t)(a,u+~) (22) where the last term is the null Lagrangian that accounts for the nonhomogeneous boundary conditions, E is Young's modulus, s characterizes the resistance to moving dislocations, and k is a relaxation coefficient. The independent variables are the spatial distance x, -L 5x I L, and time t, 0 5 t 5 t,, and the dependent variables are the displacement u(x, t) and dislocation potential @(x, t). The application of the standard variational arguments gives the following Euler-Lagrange equations and the initial and boundary conditions. 
Equations (23) and (24) express respectively the balance of linear momentum and the balance of dislocations. We normalize the dislocation potential by setting @(x, 0) = 0. Equations (23) and (25) 
DISCUSSION
We have departed from the standard Yang-Mills gauge theory by not imposing the minimal coupling requirement. We have considered a generalized Lagrangian that has a linear function of dislocation currents and obtained the corresponding Euler-Lagrange equations and the side conditions. The theory when specialized to quasistatic deformations of a rod is amenable to an analytical solution. It shows that the material obeying the derived theory exhibits a relaxation phenomenon in the sense that the axial strain induced by the end loads is less than that obtained if the material were to obey the classical theory.
